Since Holley'sl 2 initial application of countercurrent distribution (CCD) to the problem of the separation of the soluble ribonucleic acids (sRNA) of rat liver and yeast, considerable work has been done in this area by several investigators employing this technique.3-'0 Their primary interest has been to obtain purified specific sRNA's for structural studies.
Since Holley'sl 2 initial application of countercurrent distribution (CCD) to the problem of the separation of the soluble ribonucleic acids (sRNA) of rat liver and yeast, considerable work has been done in this area by several investigators employing this technique.3-'0 Their primary interest has been to obtain purified specific sRNA's for structural studies.
In the course of this work Doctor et al.4 reported the presence of 2 leucine and 2 threonine specific sRNA's in yeast, and Apgar and Holley" 2 lysine specific sRNA's in rat liver. These findings and those of Berg et al. 12 and Berg and Lagerkvist,'3 showing the presence of 2 methionine and leucine specific acceptor sRNA's in E. coli by enzymatic and chemical methods, received renewed interest when coding experiments revealed the possibility of a degenerate code.'4 15 Subsequently, Weisblum et al.'6 employing CCD reported the presence of 2 leucine specific sRNA's in E. coli, and recently von Ehrenstein and Dais'7 reported 3. Sueoka and Yamanel8 have fractionated the amino-acyl forms of E. coli sRNA on methylated albumin columns and found them to be complex mixtures only partially resolvable with this technique. The full separating potentialities of either chromatography or CCD have not yet been exploited. It seemed of interest to undertake this, particularly with CCD. This paper reports the results obtained when E. coli sRNA was subjected to more extensive fractionation by CCD.
Materials and Methods.-sRNA from fully grown E. coli B cells was prepared by phenol extraction and passage over DEAE-cellulose as described by Holley et al.' for yeast.
Amino acid activating enzymes were obtained from E. coli B cells in the log growth phase. An extract prepared from these cells according to the procedure of Berg'2 was centrifuged twice at 30,000 X q for 30 min in the 9-inch rotor of the Lourdes centrifuge and at 105,000 X g for 2 hr in the no. 40 rotor of the Spinco centrifuge. The 105,000 X g supernatant was frozen and stored as such. Just before use it was thawed and passed through a Sephadex G-25 column that had been equilibrated with 0.01 M phosphate-0.005 M 6-mercaptoethanol buffer of pH 7.0. This "refined" supernatant was the source for all of the amino acid activating enzymes.
Assay for amino acid acceptor activity: The assay mixture contained in a final volume of 0.75 ml: 100 uM tris hydrochloride, 16 ;sM MgCl2, 8 1AM ATP, 16 ,M GSH, 0.2 uAC C14 amino acid (10 ,C/uM-except for 6.6 uC/MM tryptophan and 3.7,uC/uM methionine), 0.01 ml of activating enzymes, and 0.05 ml of the CCD pooled sRNA fraction. The solution had a pH of 7.4.
After a 15-min incubation at 300, the reaction was stopped by the addition of 2 ml of 0.6 M perchloric acid (PCA) and prepared for counting in either of the 2 following ways: (1) the precipitate was washed three times, once with cold 0.2 M PCA, once with a mixture of 0.2 M PCA and 95% ethanol, and once with only 95% ethanol. The precipitate was then dissolved in dilute NH4OH, the solution transferred to planchets, and evaporated to dryness. (2) The precipitate was placed upon a Millipore filter, washed with 0.2 M PCA, removed to a planchet, and evaporated to dryness. The planchets were counted in a thin mica window gas flow counter (NuclearChicago).
Countercuirrent distribution (CCD): Two CCD systems were employed. They both contained the same components as the modified Warner-Vaimberg" systems described by Apgar et al.8
The first was exactly the same as the 1.9 A! phosphate system used by Apgar et al.8 The second differed in the ratio of its components which were 10 parts of 1.7 M phosphate buffer pH 6 (prepared from sodiunI dihydrogen phosphate monobasic and dipotassium hydrogen phosphate); 0.75 parts formamide: 3.5 parts isopropanol. These will subsequently be referred to as the 1.9 M and the 1.7 M CCD systems. The partition coefficient (K) in these systems is quite temperature-dependent. However, no variation was found with concentrations of sRNA ranging from 0.5 mg sRNA/ml of lower phase to 15 mg/ml of lower phase.
The CCD runs were performed at 240 in the following manner: the E. coli B sRNA was added to a sufficient amount of lower phase to give a concentration of 4-5 mg/ml. This was stirred for 20-30 min, an equal volume of upper phase added, then equilibrated several times, and the 2 phases were allowed to separate. Aliquots were removed, and the over-all K was determined by optical density measurements at 260 mg. The upper and lower phases were then placed within the CCD apparatus, taking care not to include any of the insoluble material which had collected at the interface. The amount of upper phase per tube to be used in the train in any given experiment was decided from the result of the over-all K determination. After completion of the distribution, fractions were taken by pooling every 10 tubes in the train except for the first fraction which consisted of tubes 0-10 (polyethylene gloves were used during both filling and emptying of the machine and for all subsequent isolation operations). The fractions were concentrated to approximately 1/3 of their original volume by evaporation at 350C under reduced pressure (Rotary Evapo-Mix, Buchler Instruments). They were then transferred to prewashed Visking no. 23 casing and dialyzed for 2-3 days in the cold room against several changes of deionized water. The resulting aqueous fractions were again evaporated under the same conditions, this time to dryness, and stored in the cold room. Before assaying, these dried samples were usually made up to a final volume of 2 ml with deionized water and stored in the frozen state without any loss of amino acid acceptor activity for over a period of at least 4 months. The total recovery of ultraviolet absorbing material ranged from 75-85%. machine using the 1.7 M system. The ultraviolet absorbing material was found favorably distributed throughout the train, in contrast to the results shown in Figure 3 where the major part of the ultraviolet absorbing material had moved very little. The peak fractions containing the amino acid acceptor activities for the 16 amino acids tested are indicated, revealing that they too are widely dispersed throughout the train,
The results of the assays of the 100 CCD fractions for the specific amino acid acceptor sRNA's are shown in Figure 2. (1) Single peak amino acid acceptor sRNA's: the glutamic acid, histidine, arginine, and tryptophan sRNA data clearly reveal 1 peak in the 1.7 M system. The aspartic acid sRNA shows a relatively tiny acceptor activity peak separated from a broad skewed main peak (the peak fractions differed in activity by a factor of 12). (2) Multiple peak amino acid acceptor sRNA's: glycine, methionine, threonine, and valine sRNA's have 2 peaks, in each case one peak being considerably larger than the other. They are in contrast to the sRNA's of alanine, lysine, serine, and tyrosine which separate into 2 peaks more nearly equal in size. Of this group of double peaks, the methionine and serine sRNA's show the greatest separations. Proline sRNA is incompletely resolved into 3 peaks, and leucine sRNA into 4 peaks, the last being only partially resolved. Although not indicated by the charts in Figure 2 , all the fractions were assayed for activity with the 16 amino acids for which there is an established assay. Figure 3 shows the results of a 475 transfer experiment employing the 1.9 M system. Both the last 2 peaks of leucine sRNA and the peaks of tyrosine sRNA are more clearly separated, even though only half of the transfers used for the experiment presented in Figure 1 were applied. An earlier experiment with the 1.7 M system and for the same 475 transfers produced only 2 leucine acceptor peaks, as would be expected from the slight separation shown in Figure 1 with this same system.
Discussion.-The work reported was undertaken because of the acknowledged complexity of sRNA and because CCD has not as yet been applied anywhere near to its fullest theoretical limit20 either with respect to the choice of systems or number of transfers. Because of the difficulty of the problem but the great interest in the result, a progress report is being made. Our results indicate that after 970 transfers of E. coli B sRNA considerable heterogeneity among the individual amino acid acceptor sRNA's still remains. The system and conditions employed were designed to produce the maximal spreading of the total sRNA throughout the train and thus the separation of the greatest number of specific sRNA's possible during the course of a single distribution. Although with the existing instrument many more transfers can be applied, the results thus far seem useful as an adjunct to the various genetic studies in providing "profiles" or "fingerprints" of closely related sRNA's. As the data presented in Figure 3 suggest, further resolution can be achieved by changing the system, the conditions, or any combination of these.
The question of whether the presence of "extra" amino acid specific sRNA's is due to degeneracy or to degradation has not yet been fully resolved. Both Weisblum et al.'6 and Bennett et al." found that their 2 isolated leucine acceptors transferred leucine to ribosomal protein under the stimulation of synthetic polynucleotides. Von Ehrenstein and Dais'7 obtained similar results for their 3 leucine acceptors. These leucine acceptors correspond to the second, third, and fourth peaks shown in Figure 1 . Although none of the leucine sRNA peaks from this distribution have been assayed for transfer activity, the lysine and serine acceptors have been found to transfer their respective amino acids in the synthetic polynucleotide stimulated system.22 These results, while not directly eliminating the possibility of degradation of some part of the sRNA molecule, clearly indicate that the transfer as well as the amino acid acceptor activity is still intact after CCD. The fur-ther evidence obtained by the above workers'6 17, 21 for the differential stimulation by synthetic polynucleotides of the 2 and 3 leucine sRNA's and of the 2 serine sRNA's22 would tend to substantiate the degeneracy concept.
Summary.-E. coli B sRNA was subjected to extensive countercurrent distribution in a modified phosphate, formamide, isopropanol system. Assay for amino acid acceptor activity employing 16 amino acids revealed the presence of 29 specific sRNA's. Six were single peaks; 8 were double; proline sRNA consisted of 3; and leucine sRNA, 4. 
